Objective: The benefit of prophylactic repair of abdominal aortic aneurysms (AAAs) is based on the risk of rupture exceeding the risk of death from other comorbidities. The purpose of this study was to validate a 5-year survival prediction model for patients undergoing elective repair of asymptomatic AAA <6.5 cm to assist in optimal selection of patients.
The benefit of prophylactic abdominal aortic aneurysm (AAA) repair requires the patient to live long enough for the reduction in annual rupture risk to overcome the up-front risk of surgery. Rupture risk increases rapidly above AAA diameter of 5.5 cm, which is generally the accepted threshold for elective repair (in men). However, the Endovascular Aneurysm Repair trial 2 (EVAR 2) confirmed that patients with severe comorbidities that shorten their life expectancy gain little benefit in overall survival from prophylactic AAA repair. 1 Thus, proper decision-making for prophylactic AAA repair requires an assessment of not only rupture and operative risk but also long-term survival. Unfortunately, there are few validated risk scores against which to gauge the potential benefit of repair to assist clinicians in estimating the long-term survival of patients after AAA repair. 2 A previously developed risk prediction model for survival after AAA repair has been created using data from the Vascular Study Group of New England (VSGNE). 3 The purpose of our current study was to externally validate this risk prediction model in an independent group of patients.
METHODS
This study is a retrospective review of the clinical data of all consecutive patients undergoing infrarenal AAA repair by either open aortic repair (OAR, transperitoneal or retroperitoneal) or endovascular aortic repair (EVAR) for AAA between 2003 and 2011 at Mayo Clinic, Rochester, Minnesota. This time period was selected to correspond to the time period of the original VSGNE derivation study. In addition, it permitted all patients to have 5-year follow-up. We restricted our analysis to patients with a diameter of AAA <6.5 cm. This was done to match the prior VSGNE inclusion criterion that was established to select a group of patients whose rupture risk may be low enough to allow assessment of other factors in medical decision-making. This resulted in 1038 patients for analysis. This is a subset of patients whose outcomes have been previously reported. 4 All patients had infrarenal aortic clamping (thus potentially eligible for either OAR or EVAR), and emergent/urgent cases were excluded. Further detail of this cohort of patients has been previously reported. 4 Patient demographics, comorbidities (defined by Society for Vascular Surgery/ American Association for Vascular Surgery [SVS/AAVS] comorbidity scores), 5 and procedural information were recorded. This study was approved by the Mayo Clinic Institutional Review Board and was deemed exempt from the need for patient consent. The prior VSGNE risk prediction model for 5-year survival after AAA repair was based on consecutive repairs done within the VSGNE and contained several significant factors. These were used to create a risk score to identify low-, intermediate-, and high-risk patients for mortality within 5 years after AAA repair. These included (with respective points assigned) age 75 to 79 years (2), age $80 years (3), prior myocardial infarction (1), stable angina (1), unstable angina or recent myocardial infarction (4), oxygen-dependent chronic obstructive pulmonary disease (COPD, 3), renal dysfunction as measured by estimated glomerular filtration rate <30 mL/min/ 1.73 m 2 (3), and not taking a statin (1) Fisher exact correction, as needed. Survival was analyzed as time to event data with life tables and displayed as Kaplan-Meier curves. Survival between groups was compared with the log-rank test. Comparison of discrimination and calibration of the derivation data with the prior risk model was done in several ways. 8 First, discrimination was assessed with the concordance index. Then calibration was assessed through several tests. Calibration in the large is a basic measure of agreement between the observed and predicted risks. In the case of time to event analysis, assessment of calibration in the large is based on an estimate of a ratio of observed events in the new data set to the number predicted by the risk model. A value of the ratio closer to 1 indicates better calibration. The calibration slope is calculated by regressing the observed outcome on the predicted probabilities. The estimated slope obtained from the regression model provides a measure of effect size and a confidence interval (CI) in addition to a P value. For these reasons, the calibration slope is more informative and is the preferred method for assessing calibration. Recommendation: This study suggests that 5-year survival after elective abdominal aortic aneurysm repair can be accurately predicted using the VSGNE prediction tool that includes age and a measure of cardiac, pulmonary, and renal comorbidities.
14.1; StataCorp LP, College Station, Tex) and SAS (version 9.4; SAS Institute Cary, NC).
RESULTS
Comparison of derivation and validation cohorts and 5-year survival. As previously published, the VSGNE derivation cohort consisted of 2367 patients undergoing elective AAA repair by OAR (n ¼ 714 [30%]) and EVAR (n ¼ 1653 [70%]) within the VSGNE. 3 The validation cohort consisted of 1038 patients undergoing elective AAA repair during the same time interval. Compared with the derivation cohort, a higher proportion of patients in the validation group underwent OAR (n ¼ 430 [41%]) vs EVAR (n ¼ 608 [59%]; P < .001 for comparison of procedures between derivation and validation). Overall, there were slight differences between the derivation and validation groups. The validation cohort was slightly older, was more male predominant, and had higher severity of CAD and COPD. It had more patients who were ever smokers, were more likely to be taking a discharge aspirin or statin, and had a slightly smaller aneurysm size. Length of stay and in-hospital mortality were similar between derivation and validation groups (Table) . Despite the differences in the patients' characteristics and choice of operation between the derivation and validation groups, survival at 5 years was similar. Overall survival at 5 years was 77% (95% CI, 74.7%-79.5%) for the derivation group and 75% (95% CI, 72.3%-77.7%; logrank, P ¼ .33) for the validation group (Fig 1) . The previously developed VSGNE risk score was then applied to the validation cohort (low, intermediate, and high risk for 5-year mortality) to separate patients by mortality risk. Compared with the 5-year survival risk groups of the derivation set, survival was nearly identical in the risk groups of the validation patient set (Fig 2) .
Discrimination and validation of survival model. Overall, the concordance index for the survival model on the derivation data set was 0.659 (95% CI, 0.626-0.69) and was nearly identical to the concordance index of the model on the validation group (0.659; 95% CI, 0.63-0.69), demonstrating similar discriminatory ability of the model. The calibration in the large assessment was 1.02 (95% CI, 0.94-1.12; P ¼ .62). This measure of agreement between the observed and predicted mortality risks indicates excellent calibration, whereas the nonsignificant P value indicated that the ratio is not different from 1 (ie, proposed model calibrates well). The calibration slope was 0.84 (95% CI, 0.71-0.97; P < .0001). This regression of the observed outcome on the predicted probabilities indicates excellent calibration, and the significant P value suggests that slope is different from 0. Finally, the P value for the score test (goodness-of-fit test) was .57, which indicates that the expected and observed numbers of events were similar in the validation group as predicted by the derivation model.
DISCUSSION
Proper selection of patients is essential for ensuring that patients receive a benefit from prophylactic AAA repair. The decision to repair a patient's AAA requires an assessment of the aneurysm rupture risk vs the operative risk plus the patient's life expectancy. In this study, we have demonstrated that the VSGNE risk prediction model and risk score can accurately predict 5-year mortality risk for patients undergoing open and endovascular AAA repair. Information regarding age of the patient, severity of CAD, COPD, renal function, and medication use can accurately stratify patients into low, intermediate, and high risk for 5-year mortality. This works equally well for patients who are planned to undergo both open and endovascular repair of their AAA. Our validation group of patients was noted to have differences in baseline characteristics. Despite this, the survival model was able to accurately discriminate survival with good calibration, further strengthening our validation of this model. Now validated, the VSGNE survival model can serve as a bedside tool to educate physicians and to counsel patients on risks and benefits of surgery.
Our model is unique from other nonvalidated survival models in several ways. In the model developed by Mousa et al, they studied patients undergoing EVAR who were enrolled in the VQI database from 2003 to 2014. 9 They used our prior VSGNE risk model and adjusted it for application to EVAR patients in the VQI data set by adding body mass index, AAA diameter, and high surgical risk (a data element tracked only in the EVAR module of the VQI). We intentionally did not include AAA diameter in our model and included only those with AAA <6.5 cm as this size offers a low enough rupture risk that one may justly consider patient factors before proceeding with repair. Also, we included both OAR and EVAR, given that 5-year survival has been shown to be similar between repair methods and validation with both groups of patients is the most useful for clinicians. Finally, given that their data set spans 2003 to 2014, 9 many of their patients with long-term followup (5-10 years) are likely to be from the VSGNE cohort that was used in our original survival study (VGSNE was initiated in 2003). The VQI and other regions were not generally formalized until 2011. 10 Thus, our study represents a truly new set of patients for which to validate our risk prediction model. In a review of 24 years of AAA repair, Kashram et al defined factors associated with long-term survival.
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Although our study is limited to overall mortality, they delineated that cardiac, respiratory, and oncologic causes remain the leading causes of death for patients after AAA repair (accounting for two-thirds of late deaths). They identified age, female sex, American Society of Anesthesiologists class, COPD, peripheral arterial disease, renal impairment, and heart failure as factors associated with late death. 11 This is similar to a review of 247 patients treated with EVAR reported by Lim et al, in which they identified advanced age, renal disease, and oxygen-dependent COPD as predictors of overall mortality. In addition, advanced heart failure (ejection fraction <40%) and current cancer treatment were major predictors. 12 A review by Sevilla et al also demonstrated how current cancer treatment negatively affects survival after EVAR. 13 These reports are similar but contain slightly different factors from our findings.
In contrast to our work, Kashram et al incorporated intraoperative and postoperative factors in their model for late death, whereas we chose risk factors that are available preoperatively to allow patient education and counseling. The study by Lim included only EVAR cases with a large number of high-risk patients (30%), which may have led to their slightly different findings. 12 Finally, our findings apply to both open and endovascular repair.
For our validation study, we chose to use several validation measures. As opposed to a logistic model where the outcome is dichotomous, a Cox proportional hazards model includes the element of time to the event, and distinct methods are needed for these models. We performed several measures to assess our model's strength as previously proposed. 8 The score test, similar to the Hosmer-Lemeshow goodness-of-fit test, compares the observed to expected number of events within k groups based on their predicted probability of risk from the model (usually k ¼ 10 groups). This provides a P value to identify whether the observed to expected number of events in each group is different. However, it does not provide an estimate with CIs, which can improve interpretation. Both the calibration in the large and calibration slope provide an estimate and CIs. Although our calibration slope was 0.84 (95% CI, 0.71-0.97, a value of 1 would be perfect calibration), because of the number of factors in our model, this remains a significant slope and we think it is sufficient for calibration of risk. In addition, our other calibration methods demonstrate excellent calibration to strengthen the validation of our model. As opposed to the validation study by Carlisle et al, who internally validated their survival model after AAA repair, our study is truly an external validation on a separate group of patients. In addition, they included factors such as cardiopulmonary exercise testing and aerobic fitness, both commonly used in preoperative assessments. 2 Our model uses a fairly simple risk score based on nearly all clinical factors. Our study has limitations. Importantly, neither the derivation nor the validation group included patients who did not undergo surgery. All patients were deemed fit for either OAR or EVAR by the treating physician. Thus, our model cannot be applied to patients who are not thought to be candidates for either approach. It will be important to extend this work to those not thought to benefit from surgery because of comorbidities to improve our model for all patients with AAA. Second, both our derivation and validation cohorts are from northern regions of the country that have a predominantly white population. Validation of our model in regions with a higher degree of ethnic diversity will further strengthen our model. As the VQI matures and different regions attain sufficient 5-year follow-up on AAA repairs, this type of validation will be possible. In addition, we do not know the cause of death for patients and cannot determine aneurysm-related mortality. We do not have long-term medication assessment, and patients may have changed their medication profile; however, prior work has shown that >80% continue to take antiplatelet and statin medications at 1 year after surgery.
14 Last, there are likely to be factors, such as a frailty index, active cancer, or complete assessment of aneurysm anatomy, that are not currently captured in the VQI and may further improve the discriminatory ability of our model. The impact of other factors, such as suprarenal clamping for OAR, and the impact of dialysis will also require further study.
CONCLUSIONS
We have been able to validate a survival model after OAR and EVAR. We have confirmed that age, severe CAD, COPD, renal insufficiency, and use of appropriate cardiovascular medications can help identify patients at risk for reduced 5-year survival after AAA repair. Whereas medications are a modifiable factor, the remaining factors represent severe levels of organ dysfunction that place patients at high risk for overall death. Although EVAR can reduce perioperative mortality, these factors must remain important components of patient selection to ensure that optimal benefit is achieved from prophylactic AAA repair. This model can be easily used in the office to assist providers and patients in treatment decision-making. 
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